The aim of this research is to investigate numerically the effect of using compacted sand as soil replacement layer beneath a strip footing on its bearing capacity. Finite element computer software Plaxis 2D version 8.6 was used to predict the behavior of strip footing resting on loose sand and on compacted sand. Study was conducted for footing widths of 1 up to 2 meters and various depths ranging from 1m up to 2m, also the effect of replacement layer thickness was investigated. It was found that using replacement layer beneath strip footing increases its bearing capacity for different widths and depths of footing. This improvement is observed up to thickness of replacement layer equal to 3 times the footing width (H/B=3), where further increase in replacement layer thickness does not affect significantly bearing capacity of footings.
INTRODUCTION AND PREVIOUS RESEARCH
The main objective of this research is to study the effect of compacted sand layer beneath strip footing on ultimate bearing capacity because in many practical engineering cases, shallow foundations may rest on multilayered soil system. A layer of soil beneath shallow foundation which influences the bearing capacity is called a subsoil. A simplified analysis shows that the thickness of the subsoil can be expressed by:
Where B is a width of a shallow foundation, and  is the angle of soil internal friction [1] . In the engineering practice, it is usually assumed that H = 2B. therefore, subsoil is considered a multi layered system if the thickness of the soil surface layer is less than H. Two types of surface layer have been recognized, firstly Surface layer weaker than lower layer and secondly, Surface layer stronger than lower layer as the case in current study.
Research on the ultimate bearing capacity problems can be carried out using analytical solutions, experimental investigations and numerical model using finite element analysis. A satisfactory solution is found only when theoretical results agree with those obtained experimentally and numerically. For layered soil profile as the case in this research (compacted sand underlined by loose sand). The ultimate load failure surface in the soil depends on the shear strength parameters of the soil layers such as; the thickness of the upper layer; the shape, size and embedment of footing; and the ratio of the thickness of the upper layer to the width of the footing.
Over the last few decades, many research deals with the problem of foundations resting on layered soils. At first, researchers based their studies on the results of prototype laboratory model testing in order to develop empirical formulae to predict the ultimate bearing capacity of these footings. Recently, theories based on finite element analyses were presented and gave more accurate solutions as compared to the previous ones. Previous research includes work done by:
Hanna [2] studied experimentally the case of footings resting on subsoil consisting of a strong sand layer overlying a weak sand deposit. His theory is that at ultimate load, a soil mass of the upper layer is pushed to the lower sand layer, and by calculating the forces on the assumed vertical punching failure surface, the ultimate bearing capacity can be calculated theoretically. He conducts model tests on strip and circular footings resting on dense sand layer overlying loose sand layer, to verify his theory and the results of the tests agreed well with the theory presented. This method has been used as a solution of bearing capacity improvement of loose sand layer immediately beneath footing by replacing it by a stronger layer. [3] , presented a numerical method for evaluating the bearing capacity of shallow foundations on layered soil, which may contain any combination of cohesive and non-cohesive layers. Several potential failure surfaces were analyzed. Comparisons between the results obtained with this method, a number of semi-empirical solutions for homogeneous and two-layer soil profiles, experiments and other numerical methods including finite elements, demonstrated the validity of the proposed method.
Georgiadis and Michalopoulos
Burd and Frydman [4] , presented the case of bearing capacity of a rigid plane-strain footing placed on the surface of a soil consisting of a uniform sand layer overlying thick, homogeneous bed of clay. The research is restricted to cases where the thickness of the sand layer is comparable to the footing width, they assumed that the clay layer is considered undrained, and the sand layer is drained.
A parametric study has been carried out using two distinct numerical modeling. First, finite element method using OXFEM software. And secondly, the finite difference calculations were performed using FLAC software. The results of the study have been used to produce charts of bearing capacity that may be used directly in design.
Abou [5] , they suggest that the failure surface consists of two inclined planes having an angle on with the vertical and passing through the edges of the footing with a Prandtl type failure in the lower soil layer. New bearing capacity equation was derived as a function of the properties of the upper and lower soil layers, the thickness of the upper layer, the footing depth/width ratio and the angle of the failure surfaces with respect to the vertical.
Application of load spreading method known as projected area method has been studied by some researchers for two-layered soil system [5, 6, 7] . In this approach, external load is supposed to spread linearly from either edge of footing to a larger area of sand as pressure penetrates deeply into the top layer through a constant angle therefore the intensity of the load decreases along the depth.
Anitha and Niranjana [8] , conduct a numerical study on bearing capacity of strip footing on multilayered soil system using Plaxis 3d software. They studied the effect of embedment and effect of top layer thickness on the ultimate bearing capacity of strip footing in two layered soil system with and without geotextile at the interface. It was found that the bearing capacity increases and the settlement of footing decreases, as the thickness of top layer increases to an optimum value beyond which there is no substantial increase in bearing capacity. This optimum thickness is H/B=3 in case of layered soil without geotextiles, while in case of using geotextile this optimum thickness decreases to H/B=2. Chavda and Dodagoudar [9], they conduct a numerical study of ultimate bearing capacity of strip footings using using various constitutive models and sensitivity analysis. The software used was Plaxis 2d ver. 2016. The material models used are Mohr-Coulomb (MC) model, Hardening Soil (HS) model Hardening Soil model with small-strain stiffness (HSsmall), and Soft Soil (SS) model. It was found from the results of FE analysis that the ultimate bearing capacity of strip footings depends on the shear strength parameters, width of footing, unit weight of soil, and surcharge at the base level of the footing. It was found also, that the ultimate bearing capacity value is about the same for all mentioned material models. The FE results are compared with the analytical solutions of Terzaghi and Meyerhof.
MATERIALS AND METHODS
The material used in this study is fine to medium sand. Sand is classified as SP according to Unified Classification System. The properties of sand sample are given in Table 1 .
Numerical Analysis
Numerical analysis using the finite element method (FEM) was carried out using finite element method computer software (PLAXIS ver. 8.6) to study the behavior of strip footing resting on loose sand and on compacted sand. The PLAXIS Version 8.6 is used for the twodimensional analysis of deformation and stability in geotechnical engineering. Full modelling of soil, footing and loading are performed. 
Numerical Model Setup
The Table 2 .
The footing was modeled as a rigid plate element having properties as shown in Table 3 . A strip footing of widths ranging from 1m up to 2 m was placed at depths ranges from 1 m up to 2 m below soil surface at the center of the soil model as shown in Fig. 1 The finite element model used the 6-noded triangular elements. According to Ronald and Wendy [10], the coarseness of the finite element mesh plays an important role regarding accuracy of finite element model results where, FE method gives an upper bound (unsafe) solution for bearing capacity problems in case of using coarse mesh. Upon mesh refinement the bearing capacity reduces towards its theoretical value. therefore, Medium mesh size was used with refinement cluster beneath the footing.
The boundaries are laterally fixed on both sides, and fixed horizontally and vertically at the bottom boundary as shown in Fig. 1 . To verify the improvement of bearing capacity a single layer of loose sand beneath the footing was considered first, then a compacted sand layer beneath the footing was used with varied thicknesses from 0.5 m up to 3.5 m to verify the effect of compacted layer on bearing capacity of footing. The effect of footing width and depth on bearing capacity was investigated also in case of loose sand layer and for compacted layer. 
Comparison between Finite Element Method and Analytical Solution Results
An analytical study was performed to verify the accuracy of Numerical study carried out using Plaxis software. As shown in Figs. (8-9) for cases of strip footing resting on loose sand and compacted sand layers. It was observed that a good agreement was obtained by comparing the FEM results with results obtained by analytical solutions [11-12] for determining ultimate bearing capacity of strip footings therefore, FEM using Plaxis software is capable of predicting ultimate bearing capacity for both cases.
RESULTS AND DISCUSSION
The behavior of strip footing resting on loose sand and compacted sand layer is shown as the relationship between applied stress versus settlement. 
Effect of Footing Embedment Depth
To study the effect of footing embedment depth on ultimate bearing capacity the relationship between applied stress versus settlement at various depths for footing resting on loose sand for various widths are studied as shown in Figs.
(11-13) the relationship between applied stress versus settlement for various footing widths and depths. it was observed that the ultimate bearing capacity improved significantly with the increase of footing embedment depth associated with a corresponding reduction in settlement for the same stress values. 
Fig. 10. Tangent intersection method

Effect of Footing Width
To study the effect of footing width on ultimate bearing capacity the relationship between ultimate bearing capacity and footing width at various depths was plotted as shown in Fig.  14. From Fig. 14 it was observed that the ultimate bearing capacity increases with increase of footing width. The maximum percentage improvement of ultimate bearing capacity obtained was 43% for footing depth equal to 2m, therefore, it was concluded that the effect of footing width is more pronounced for footings with bigger embedment depth.
Effect of Compacted Layer Thickness
To study the effect of using compacted sand layer beneath the footing on ultimate bearing capacity the relationship between applied stress and footing settlement was plotted as shown in Fig. 15 .
It was observed that the improvement in ultimate bearing capacity of footing increased by increasing the thickness of compacted sand layer. The steady increase in bearing capacity can be attributed to the increase in the bearing resistance offered by the compacted sand layer which distributed the footing load acting on the loose sand layer over a wider area. With stronger layer of compacted sand of larger thickness, the improvement is further increased. It was observed also, that the bearing capacity of the footing increases with the increase in thickness of compacted sand layer up to a certain value of (H/B=3). Beyond this value, there is no substantial improvement in the ultimate bearing capacity. This optimum value obtained in investigation (H/B=3) is similar to value obtained by [8] using Plaxis 3d software. 
CONCLUSIONS
Based on the results obtained, the following conclusions obtained:
 For footings rested on layer of loose sand the effect of footing width on ultimate bearing capacity is more pronounced with footings of bigger width, where the maximum increase in bearing capacity reaches a maximum percentage of 43% when footing width increases from 1 up to 2 m.  In case of using a layer of compacted sand under the footing it was it was found that the improvement in ultimate bearing capacity of footing increased by increasing the thickness of compacted sand layer. The maximum percentage increase reaches 240%.  For case of using compacted sand layer, the optimum layer thickness obtained is three times the width of footing (h/b=3), when further increasing the thickness of compacted sand layer, it has no effect on the bearing capacity of footings.  By comparing FEM results using Plaxis software with analytical solutions by [11] [12] it was concluded that FEM using Plaxis software could be used to predict bearing capacity of strip footing resting on multilayered layered subsoil system. Peer-review history: The peer review history for this paper can be accessed here:
http://www.sdiarticle3.com/review-history/49135
